The rotational Zeeman effect of low J transitions of Nitrosylfluoride in the centimetre and millimetre waveranges has been investigated with fields up to 24 kG.
Introduction
Although the microwave spectra of the nitrosvl compounds ON -X (X = H, F, Cl, Br, CN) are well known, no microwave Zeeman investigation of this series of molecules has, to our knowledge, so far been carried out.
In this paper we report the results of a microwave Zeeman investigation of the nitrosyl fluoride: ONF.
As the reactivity of this group of substances is high, it seems wortwhile to obtain information which could increase the knowledge of the electronic structure and thus help to explain the chemical behaviour.
Further, principally for ONF, where many apriori calculations [1, 2] have been made to explain structural data [3, 4] and electric dipole moments [5] , it is important to know other physical parameters to check the quality of these theoretical calculations.
Experimental
Nitrosyl fluoride, ONF, was prepared by condensing fluorine on to nitrogen oxide, NO, kept at liquid nitrogen temperature in a quartz trap. After the mixture was allowed to warm up to dry ice temperature, ONF was obtained with N202 as impurity. Because of the instability of nitrosyl fluoride in the waveguide cell a flow system was used.
ONF was slowly pumped through the wave guide cell keeping the temperature at -80 C and the pressure at about 1.3 Pa (lOmTorr).
The low frequency spectra were recorded with a conventional 33 kHz Stark-effect spectrometer equip- ped with an electromagnet able to produce magnetic fields up to 24 kG through a gap of 50 mm [6] .
For the high frequency spectrum the BWO-source has been replaced by an OKI 100 V 11 klystron stabilized by a phase stabilized X-band sweeper (Hewlett-Packard 8690 B). The high frequency detector was a run-in Gordy type detector made in our workshop. The frequency measurements, carried out by means of a synthesized signal generator Schomandl ND 800 continously monitored against the broadcasting station DCF 77 of the PTB (Physikalisch-Technische Bundesanstalt Braunschweig) with a relative accuracy of 5-10 -13 , are believed to be as accurate as 1 • 10 -7 .
Theory
The appropriate effective Hamilton operator for a rigid rotor molecule, containing a quadrupole nucleus and rotating in an external magnetic field is given by [7, 8] 
where LHrot is the standard zero-field rigid rotor Hamilton operator and Tlq the nuclear quadrupole interaction Hamilton operator. Tfg mo1 and !Hg-nucl describe the molecular and shielded nuclear Zeeman effect and J-fx arises from the interaction between the field induced magnetic moment and the applied magnetic field. In the representation J, r,Mj , I, Mi) which factorizes the Hamiltonian, the only non diagonal elements in the J, r blocks result from JJQ . Second order perturbation contributions are neglected because they are very small compared with the differences in the rotational levels. 0:540-4811 / 80 / 0300-0329 $ 01.00/0. -Please order a reprint rather than making your own copy.
Due to the small quadrupole splitting, the case of strong field is promptly reached so that Mj and Mj are good quantum numbers to describe the energy levels.
Spectrum
Three transitions have been investigated:
with a total of eleven HFS component lines at different field conditions. Zero-field line measurements, together with the quadrupole coupling constants, obtained by evaluations of the HFS-splittings are listed in Table 1 . Although these constants have been determined in two preceeding investigations [3, 9] we prefer in this paper the use of our presently measured constants in order to avoid possible sources of errors arising from the use of parameters which have been determined from different sets of lines.
The measured Zeeman lines are listed in Tables 2  and 3 . The diagonal elements of the molecular gtensor were obtained from a least squares fit of the Table 1 . Zero field line frequencies of Nitrosylfluoride. No centrifugal distortion correction has been made, j'o-frequencies are corrected for the quadrupole coupling interactions. The errors of the quadrupole coupling constants are standard errors of the least squares fitting procedure. observed splittings. Because of the quadrupole-Zeeman interaction the signs of the g-factors could be determined unambiguously [10] . The values for gaa , g^ and gcc and the values for anisotropics of the diagonal elements of the magnetic susceptibility tensor are listed in Table 4 .
Discussion
Using the five Zeeman parameters determined here and the known r0-structure [3] , the molecular electric quadrupole moment and the diagonal elements of the paramagnetic susceptibility tensor have been calculated. The knowledge of the bulk susceptibility of the molecule could allow the calculation of the diamagnetic and of the total susceptibility tensor. Due to the instability of the molecule and hence to the difficulty of performing a direct measurement, the bulk susceptibility has been estimated using the model of the local susceptibility increments. This method, first developed by Pascal [11] , refined by Benson and Flygare [12] and in the last few years by Wiese and Sutter [13] uses susceptibility contributions which are typical Table 2 . Zeeman lines of Nitrosylfluoride, AM = 0. vo lines are obtained from the fitting of the susceptibility anisotropies. The given error results from the fitting procedure. (4) 46 040.047 (4) for a given atom with a characteristic bond configuration.
JK-K+ -J r K'-K\
From the values estimated by Wiese [13] it is possible to calculate the contributions for Fluorine This allows the conclusion that the nitrogen atomic susceptibility in a nitrosyl and in an imine bond are equivalent. The molecular bulk susceptibility Zbuik (FNO) = 1/3 + xlb + Xlc), estimated after Wiese [13, 14] , has a value of So we estimate the molecular bulk susceptibility to be:
JK-K+
Zbuik(FNO) = -(10 ±1) -10~6 erg/Gauß 2 mole.
With this value of Xbulk> the diagonal elements of the diamagnetic and total susceptibility tensors have been calculated together with the second moment of the electronic charge distribution. With the obtained values of gaa, gand gcc the electronic contribution to the inertial defect [15] has also been calculated.
The results are given in Table 4 .
